Almost all epidermal growth factor receptor (EGFR)-mutant lung cancers develop resistance to EGFR-tyrosine kinase inhibitors. Several mechanisms for this acquired resistance have been identified, including development of an EGFR T790M mutation, MET amplification, hepatocyte growth factor overexpression, loss of phosphatase and tensin homolog expression, epithelial-mesenchymal transition, and transformation to small cell lung cancer. Herein, we report a case of a lung cancer patient with EGFR exon 19 deletion who was resistant to EGFRtyrosine kinase inhibitor treatment during disease progression. Using histological and gene sequencing analysis, we observed that the primary adenocarcinoma acquired T790M mutation in EGFR exon 20, and a secondary sarcomatoid carcinoma developed in the vicinity. Assessment of E-cadherin and Vimentin expression confirmed that the sarcomatoid carcinoma had undergone an epithelialmesenchymal transition. Therefore, it is important to perform a tissue re-biopsy after the development of resistance to identify the best treatment options. Surgical resection might be a better "salvage" treatment in cases of oligometastatic progression.
Introduction
Drug resistance is the most challenging problem with epidermal growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI) treatment in non-small cell lung cancer (NSCLC) patients. The major mechanisms giving rise to EGFR-TKI resistance in NSCLC have been demonstrated, including secondary mutation of EGFR T790M, MET amplification, epithelial-mesenchymal transition, activation of alternative oncogenic pathways, and transformation to small cell lung cancer (SCLC). 1 Herein, we present a rare case of EGFR T790M secondary mutation accompanied with the phenotype of sarcomatoid carcinoma after EGFR-TKI treatment.
Case Report
A non-smoking 60-year-old woman was diagnosed via a left supraclavicular lymph node biopsy in December 2012 with left upper lung adenocarcinoma. A gene mutation test indicated EGFR exon 19 deletion without an exon 20 T790M mutation. After two cycles of gemcitabine plus cisplatin chemotherapy, abdominal computed tomography showed liver metastasis; therefore from January 2013, the patient was administered erlotinib. By October 2015, following erlotinib treatment, the metastatic tumors in the liver and supraclavicular lymph nodes had disappeared and the primary lung tumor had reduced. However, the original lung tumor started to enlarge and bred an adjacent secondary nodule (Fig 1) . Although drug resistance had occurred, the patient refused any other treatment and continued to take erlotinib. In July 2016, a left upper lobectomy plus systematic mediastinal lymphadenectomy by video-assisted thoracoscopic surgery was performed after a comprehensive evaluation showed no sign of extrapulmonary abnormalities and negative T790M mutation from a blood circulating tumor (ct)DNA test. Surgery was approved after multiple disciplinary team-based evaluation and informed consent was acquired from the patient. The pathological diagnosis of the original lung tumor was confirmed to be adenocarcinoma according to the typical morphology and positivity of thyroid transcription factor 1 and cytokeratin (CK)7. The secondary lung tumor had sarcomatoid histology showing a more spindle-like mesenchymal morphology with CK and Vimentin positivity (Fig 2) . N1 but not N2 lymph nodes were involved. Next generation sequencing confirmed that the original lung adenocarcinoma retained EGFR exon 19 deletion but also detected T790M mutation in EGFR exon 20 (File S1, Table S1 ). The secondary sarcomatoid carcinoma also displayed EGFR exon 19 deletion and genetic mutations on FANCL and BCL2L2, and amplification on CDK4, MDM2, APFRP1, GNAS, CIC, FANCE, Notch4, and AKT2 (Table 1) . Additional histological E-cadherin and Vimentin staining were performed on the primary biopsy specimen and TKI-resistant postoperative specimens. In comparison to the adenocarcinoma, the sarcomatoid tumor was strongly positive for Vimentin and almost negative for E-cadherin, indicating that the sarcomatoid probably underwent EMT (Fig 3) . A postoperative ctDNA test did not show any driver gene mutation in the blood, including EGFR exon 20 T790M mutation or exon 19 deletion (Burning Rock Dx, Guangzhou, China). Moreover, postoperative circulating tumor cell analysis showed a value of 4.29 (cut-off 8.70 FU) (Geno, Shanghai, China) (File S1); therefore, we continued to administer erlotinib. The patient has received thorough imaging evaluations and ct cell tests twice every three months, with no sign of relapse. She continues to take erlotinib and is intensively followed-up.
Discussion
In this case, two pulmonary tumors that acquired resistance to EGFR inhibitors had very distinct phenotypes after EGFR-TKI treatment. Using in-depth genetic and histological analyses, two major mechanisms were identified in this patient. The adenocarcinoma exhibited a secondary EGFR exon 20 T790M mutation and the newly developed pulmonary nodule was confirmed to be a sarcomatoid carcinoma, which explains why the primary pulmonary tumor grew more aggressively after effective erlotinib treatment. Secondary EGFR T790M mutation is a well-known mechanism of EGFR-TKI resistance, while the development of sarcomatoid carcinoma after EGFR-TKI treatment is not frequently reported. Three possible pathophysiological mechanisms underlying the development of sarcomatoid carcinoma might be involved: (i) intra-patient tumor heterogeneity, in which the sarcomatoid carcinoma may already be present and gradually becomes dominant after EGFR-TKI therapy; (ii) metachronous development of the secondary cancer; or (iii) direct transformation from adenocarcinoma to sarcomatoid carcinoma. It is difficult to explain the reasons by pathological diagnosis alone. Thus, next generation sequencing was performed with a broad gene panel. The genetic sequencing data explicitly shows that the sarcomatoid carcinoma shared the same genetic phenotype as the primary adenocarcinoma, including EGFR 19 deletion (with comparable mutation frequency) and three other genes (Table 1 ). In view of the computed tomography imaging and sequencing results, it seems logical that the sarcomatoid carcinoma retaining the original EGFR mutation may have been directly derived from the primary adenocarcinoma. Sequist et al. reported sarcomatoid morphology with an EMT phenotype at the time of EGFR-TKI resistance. 2 In our case, an assessment of E-cadherin and Vimentin expression confirmed that the sarcomatoid carcinoma had also undergone EMT. EMT indicates that a cancer cell has Figure 2 Histology of the two pulmonary nodules after surgical resection. The original lung tumor was confirmed to be adenocarcinoma according to the typical morphology and positivity of thyroid transcription factor 1 (TTF1) and cytokeratin (CK)7. The secondary lung tumor has sarcomatoid histology showing a more spindle-like mesenchymal morphology with CK and Vimentin positivity (magnification ×100). Adeno, adenocarcinoma; HE, hematoxylin and eosin; Sarco, sarcomatoid carcinoma.
lost its epithelial morphology and thus develops a more spindle-like mesenchymal morphology, and is often associated with a more invasive phenotype. Previous studies have shown that EMT is a well-established mechanism for acquired resistance in EGFR-mutant NSCLC. [3] [4] [5] However, concurrent EGFR T790M secondary mutation and EMT in Green denotes gene alterations common to adenocarcinoma and sarcomatoid carcinoma; blue denotes gene alterations in adenocarcinoma only; pink: denotes gene alterations in sarcomatoid carcinoma only. Figure 3 Histological staining of Ecadherin and Vimentin on the primary biopsy specimen and tyrosine kinase inhibitor-resistant postoperative specimen (adenocarcinoma and sarcomatoid carcinoma, July 2016). In the adenocarcinoma biopsy (December 2012) and surgical resection (July 2016) specimens, adenocarcinoma cells were strongly positive for Ecadherin and almost negative for Vimentin, while the surrounding stromal tissues were positive for Vimentin. By contrast, the sarcomatoid histology showed a more spindle-like mesenchymal morphology with diffuse positivity of Vimentin but lacked E-cadherin expression (magnification ×100). Adeno, adenocarcinoma; Sarco, sarcomatoid carcinoma.
a lung adenocarcinoma patient with EGFR-TKI drug resistance has rarely been reported in the literature.
Although blood biopsy techniques have developed significantly, tissue re-biopsy is still very important after EGFR-TKI resistance and should not be replaced by liquid biopsy in these cases. Before the surgery, a blood ctDNA test was performed and only EGFR 19 deletion was detected, with a frequency of 0.08%; T790M was not found. If tissue re-biopsy and surgery had not been performed, we would not have information on the underlying mechanisms of acquired resistance and this patient might have been treated with chemotherapy or radiotherapy. As sarcomatoid carcinomas are less sensitive to chemotherapy or radiotherapy, we can presume that the treatment response would have been poor. This case also indicates the necessity of multiple disciplinary team-based evaluation and treatment, especially for patients with EGFR-TKI acquired resistance. If performance status and pulmonary function are good, a complete surgical resection may be the best alternative for a patient with local disease progression or oligometastasis. Because of the patient's refusal, we did not perform a biopsy of the lung mass and only tested for EGFR mutation on the left supraclavicular lymph nodes. Although the patient has responded well to TKI treatment, a secondary lung biopsy may be necessary because of the heterogeneity between the primary lung tumor and metastatic lymph nodes.
The clinical implications of this case provide significant insight that two or more mechanisms may be simultaneously involved in EGFR-TKI resistance. Therefore, if possible, tumor biopsies should be performed after the development of resistance to identify the best treatment option for patients.
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